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ABSTRACT 


The Shuttle Electric Power System Analysis Computer Program (SEPS) was 
developed by TRW under JSC/TRW Task 542 for the Consumables Analysis Section 
of the Mission Planning and Analysis Division. The SEPS program has two 
major uses; first, to perform detailed load analysis including predicting 
energy demands and consumables requirements when the Shuttle electric power 
system is operated and perturbed in accordance with premission flight plans; 
and second, to perform parametric and special case studies on the Shuttle 
electric power system. As an additional feature, the SEPS program can be and 
has been used to analyze the ASTP Apollo electric power system. No program 
changes are required to use the SEPS program for analysis of the ASTP Apollo 
electric power system. 

The SEPS Computer Program is written in FORTRAN V for use on the UNIVAC 
1108 under the EXEC II operating system. 

Documentation of the SEPS program is divided into two separate volumes: 
VOLUME I - PROGRAM MANUAL 

Contains descriptions of each major subroutine of the 
SEPS program including functional flow diagrams. 

VOLUME II - USER'S MANUAL 


Contained herein. 
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7.0 INTRODUCTION 



1.0 INTRODUCTION 


This User's Manual defines how to use the SEPS Program. 

Figure 1-1 depicts the functional flow diagram of the SEPS Program. 

SEPS consists of two major parts referred to as Phase I and Phase II. 

Phase I converts a mission event timeline into an electrical load profile 
and Phase II provides distribution circuit and power source operating 
points as a function of electrical loading and equipment parameters. 

Section 2 defines SEPS Phase I data base requirements and formats, 
procedure and activity definitions, and mission timeline input formats. 

Section 3 defines SEPS Phase II distribution circuit input and fixed 
data requirements. 

Section 4 defines run procedures and deck setups for Phase I, Phase II, 
and combined Phase I/Phase II runs. 
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FIGURE 1-1. FUNCTIONAL FLOW DIAGRAM 
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FIGURE 1-1, FUNCTIONAL FLOW DIAGRAM (CONTINUED) 
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2.0 SEPS PHASE I 



2.0 SEPS PHASE I 


2.T DISCUSSION 

The SEPS Computer Program Phase I converts a mission event timeline to 
an electrical load profile and provides subsystem and mission analyses of the 
power and energy demands for Shuttle missions. The analysis is based on a 28 
VDC load bus voltage. The program utilizes a data base which describes 
all Shuttle electrical power consuming equipment in terms of power requirements 
and relating all the equipment to subsystems. This data combined with a desired 
mission event timeline provides the basis for the output interface tape consist- 
ing of event time point data and a listing of the activated components. The 
interface tape is utilized as the input driver for the Phase I COMUSE analyses 
and Phase II. The Phase I COMUSE analyses Include the end of mission component, 
subsystem, and mission phase loads and energy summaries. The Phase I COMUSE 
analyses are discussed in Section 2.4 (FORMATTED PRINTOUT DESCRIPTION). Phase II 
utilization of the interface tape is discussed in Section 3.0 (PHASE 1/ PHASE II 
INTERFACE). 

2.2 DATA BASE 

2.2.1 Component Data 

Data utilized to construct the component dictionary for the SEPS data base 
was obtained from the Master Electrical Equipment List furnished by Rockwell 
through JSC. The following characteristics of each component were used; 

1. ID# - 1^ two digits : Subsystem ID 

2nd two digits : Rockwell ID 
3rd two digits : Component Mode 

2. Component Title 

3. AC or DC designation (if available) 

4. Power value 

These were combined with a load assignment. Then, to make the data .complete, 
a power factor was assigned. These all combined make up the data for the 
component portion, of the data base. Refer to Table 2-1 for the punched card 
format of this data. 


^aSCBDING PAGB 


BLANK NQ!g MT.MT^ 
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TABLE 2-1. COMPONENT DEFINITION CARD 


COMPONENT DEFINITION CARD (1 PER COMPONENT) 
THE FORMAT OF THE COMPONENT CARDS IS AS FOLLOWS. 


COLUMN 

TYPE 

DEFINITION 

1 

ALPHA 

'C' INDICATES THE COMPONENT DEFINITION CARD 

2 

INTEGER 

MODE 

3 

BLANK 

NOT USED 

4-9 

INTEGER 

COMPONENT ID NUMBER 

lo-n 

INTEGER 

LOAD NUMBER 

12-13 

BLANK 

NOT USED 

14-43 

ALPHA 

COMPONENT TITLE 

44 

BLANK 

NOT USED 

45-49 

REAL 

POWER FACTOR <1 . 

50-56 

HEAL 

POWER CONSUMED @ 24, VDC 

57-63 

REAL 

POWER CONSUMED @ 28. VDC 

64-70 

REAL 

POWER CONSUMED 0 32. VDC 

71-80 

NOT USED 




The SEPS computer program has the capability to handle a maximum of 
50 DC (or DC equivalent) load assignments and 9 inverters. The load 
numbers of 1 through 50 have been reserved for DC or DC equivalent loads. 
Load numbers 52 - 54 have been reserved for 3^ AC loads. Load numbers 
61-69 have been reserved for H AC loads. 

The SEPS AC load number grouping is as follows: 

Load Number Type of Load Bus Assignments 


52 

3 


AC 

AC 

#1 

61 

1 


AC 

AC 

#1 

62 

1 


AC 

AC 

#1 

63 

1 


AC 

AC 

#1 

53 

3 


AC 

AC 

#2 

64 

1 


AC 

AC 

#2 

65 

1 


AC 

AC 

#2 

66 

1 

<i> 

AC 

AC 

#2 

54 

3 


AC 

AC 

#3 

67 

1 


AC 

AC 

#3 

68 

1 


AC 

AC 

#3 

69 

1 

<!> 

AC 

AC 

#3 


The DC equivalent load for the AC components are specified by the assign- 
ment of a particular load number and branch location in the circuit definition. 
The circuit definition description is contained in Section 3.2.1. 
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2.2.2 Procedure Data 

Procedures' are collections of components grouped together for a specific 
function. For example, those components having to do with G&N at lift-off would 
be included in the same procedure. 

The data required for a procedure is organized in the following manner. 

The procedure is assigned a unique number and title. The numbers are similar 
for procedures with similar functions; e.g.: 

PI 10 G&M Baseline A (LO to LAND) 

Pin G&N Baseline B (LO to LAND) 

PI 20 NASA Comm 
PI 21 NASA Conm 
PI 25 USAF Comm 

The corresponding component data follows the procedure number and title 
card. This data includes: 

1. "Call" designation - e.g., "CP" - Component called from a procedure 

2. Component Number 

3. Start Time: component "start" time can be "delta"-ed to start 

either before* or after** the component, is actually called from 
timeline. 

4. Stop Time: same "delta" situation exists for stop time as for 

start time. Stop time cannot be 00000. 

5. Use Factor: component is "ON" % of designatq^ time period 

6. Component Title 

7. Procedure ID: solely convenience feature to designate which 

procedure a component belongs to when in card form. 

Refer to Table 2-2 for procedure card format. 


*N0TE 1: Signified by - sign preceding time delta on card 

**N0TE 2: Signified by + sign preceding time delta on card 
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TABLE 2-2. PROCEDURE/ACTIVITY ELEMENT DEFINITION CARDS (2 PER ELEMENT) 
THE FORMATS OF THE PROCEDURE/ACTIVITY CARDS ARE AS FOLLOWS 


CARD 1 

COLUMN 

TYPE 

DEFINITION 

1 

ALPHA 

A INDICATES ACTIVITY DEFINITION 
P INDICATES PROCEDURE DEFINITION 

2 

BLANK 

MUST BE BLANK 

4-10 

INTEGER 

P/A ELEMENT NUMBER 

12-47 

ALPHA 

TITLE (UP TO 36 CHARACTERS) 

CARD 2 

1-2 

ALPHA 

CP - COMPONENT CALLED FROM A PROCEDURE 
. CA - COMPONENT CALLED FROM AN ACTIVITY 
PA - PROCEDURE CALLED FROM AN ACTIVITY 
SP - SWITCH CALLED FROM PROCEDURE 
SA - SWITCH CALLED FROM ACTIVITY 

3 


Y - (if cyclic card) 

4-10 

INTEGER 

COMPONENT NUMBER IF COLUMN 1 = C 

PROCEDURE NUMBER IF COLUMN 1 = P 

IF COLUMNS 9 AND 10 = 00 THEN ALL 
COMPONENTS WHOSE FIRST 5 DIGITS AGREE 
WITH COLUMNS 4-8 WILL BE READ IN 

11 


NODE 

12-17 

INTEGER 

START TIME IN HHHMM (PLUS OR MINUS)* 


*N0TE: This designation explained in 

more detail in formal write-up 
section on Procedure/Activity Cards. 



TABLE 2-2. PROCEDURE/ACT I VITY ELEMENT DEFINITION CARDS (CONTINUED) 
THE FORMATS OF THE PROCEDURE/ACTIVITY CARDS ARE AS FOLLOWS 


CARD 2 (CONTINUED) 


COLUMN 

TYPE 

DEFINITION 

18-23 

INTERGER 

STOP TIME IN HHHMM (PLUS OR MINUS)* 

24-28 

REAL 

USE FACTOR (GE 0. AND LE 100.) 

29-34 

R 

PERIOD 

35-40 

R 

DECIMAL FRACTION OF ON TIME c??li“dlta”Sds° 

41-80 


GROUPS OF FOUR COLUMNS (LLLV)** 


FOR SWITCH. IF NOT SWITCH, TITLE 
IN THIS SPACE 


Stop time not used if this is cyclic card. 

LLL provide spaces for branch where switch 
is located, V is 1 if switch closed, 0 if 
switch open. 


*NOTE: 

**N0TE: 



2,2.3 Activity Data 


Activities are collections of procedures and/or components grouped 
together by "mission phase" considerations. That is, procedures and 
components grouped together which must be on at a particular time for a 
specified duration to accomplish a mission objective. E.g.: 

A 1000 Prelaunch to Landing - contains all those components and 

procedures which must be on for entire mission; provides base load. 

The Activity data is organized by; 

1. Unique number and title 

2. Corresponding procedure and component data as in procedure 
definition. 

Refer to Table 2-2 for activity card format. 

2.2.4 Switch Data 

Phase I has the capability of controlling Phase II electrical power 
analysis on different circuit configurations obtained through opening or 
closing switches in the different branches. For example, all loads can 
be fed by two fuel cells by closing some switches and opening others. The 
effect of this action on the fuel cell loading can then be analyzed in 
Phase II. 

The following data is required: 

1. Card Type - "S" for switch 

2. Start Time - when the switch condition should change if not when 
switch card is "turned on". 

3. Stop Time - when the switch condition will change to its opposite 
state. 

4. Switch Location - branch number. 

5. Switch Value - 0 for open, 1 for closed. 

Refer to Table 2-2 for switch card format. 


n 



2.2.5 Cyclic Data 

Certain components will actually cycle on and off during a Shuttle 
mission. Phase I analysis has the capability of simulating this activity 
through the program. The following data appears on the cyclic cards: 

1. Cyclic Identifier - "Y" 

2. Type of cyclic action 

3. + for begin cyclic action 

4. - for end cyclic action 

5. Mode 

6. Time 

7. Period of cycle 

8. Decimal fraction of period component is active 

9. Title 

The cyclic card format is shown in Table 2-2. 

2.3 TIMELINE 

2.3.1 Source 

Data utilized to create the timeline is gathered from two main sources. 
First, JSC Mission description documentation provides the bulk of the timeline 
information. From this source it is possible to obtain mission events and 
durations. Also, timelines for burns and attitude changes are incorporated 
into the SEPS timeline information to provide more detailed usage data for 
specific subsystems and components. Second, data from JSC subsystem groups 
are utilized to construct specific requirements portions of the timeline. 

E.g., the correct heater and communications equipment usage is obtained by 
using data from this source. 

2.3.2 Construction 

As stated above, data from JSC documentation are utilized in forming a 
chronological sequence of mission events. The SEPS data base activities. 
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procedures, and components are turned "on" and "off" at the appropriate 
time according to the sequence. A "plus" sign signifies turn on of the 
desired entity and a "minus" sign signifies turn off. 

The following data appears in the timeline: 

1. Timeline entity identifier - tells whether an activity, procedure, 
or component is affected. 

2. "+" or turn on or off, respectively. 

3. Entity Number: number of activity, procedure or component 

affected. 

4. Time: MET at which operation occurs. 

5. Title: Names activity, procedure or component affected. 

Refer to Tables 2-3 and 2-4 for the card formats. 

2.3.3 Util ization 

Timeline events as constructed are further grouped to be used in larger 
time blocks. All turn on/off times are "delta"ed to some base time value 
determined from the mission descriptions. E.g., 

1. LO to Sortie - all operations referenced to zero 

2. Sortie to End Sortie - all operations referenced to 51 hours (time 
at which sortie begins as determined from Mission 2A description). 

3. End Sortie to Touchdown - all operations referenced to 149 hours 
(time at which sortie ops end for Mission 2A). 

These can easily be made for any Shuttle mission and can be used to 
analyze many different options. Refer to Table 2-5 for an example. A program, 
JVMMPS, to be described later, organizes these blocks to form a proper time 
sequenced timeline. 

2.4 FORMATTED PRINTOUT DESCRIPTION 

The formatted printouts available from SEPS Phase I are discussed in 
subsequent paragraphs and examples of each type of printed output are provided. 
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TABLE 2-3. TIMELINE CARD FORMAT 


THE FORMAT OF THE TIMELINE CARDS IS AS FOLLOWS 


COLUMN 


PURPOSE 


1 

2 

3-9 


10 

n-19 

20 

21-33 

34-69 


T INDICATES THIS IS A TIMELINE CARD 

A/p/C/S INDICATES WHICH TYPE OF OPERATION TO PERFORM 

+ BEGIN OPERATION 
- END OPERATION 

ACTIVITY/PROCEDURE/COMPONENT/SWITCH NUMBER 
MODE 

TIME IN HHHHHMMSS (PLUS OR MINUS) 

SPECIAL OPERATION FLAG * * 

BLANK 

TITLE 


A TIMELINE CARD INITIATES ITS OPERATION AT ITS "START" TIME AND CONTINUES 
UNTIL ITS "STOP" TIME AT WHICH TIME THE ACTIVE COMPONENTS ARE TURNED "OFF". 


*NOTE; If it is desired to turn a component or procedure off in an 
different way than it was turned on. Column 20 must contain 
a non zero integer. 



TABLE 2-4. CYCLIC TIMELINE CARDS 
THE FORMAT OF CYCLIC TIMELINE CARDS IS AS FOLLOWS 


COLUMN 


PURPOSE 


1 

2 

3-9 


10 

11-19 

20 

21-25 

26-30 

31-33 

34-69 


Y 

A/P/C 


INDICATES THIS IS A CYCLIC CARD 
INDICATES WHAT TYPE OF CYCLIC ACTION 
+ BEGIN CYCLIC FUNCTION 
- END CYCLIC FUNCTION 
ACTIVITY/PROCEDURE/COMPONENT NUMBER 
MODE 

TIME (HHHHHMMSS) 

SPECIAL OPERATION FLAG * • 

PERIOD OF THE CYCLE GIVEN IN DECIMAL HOURS 

DECIMAL FRACTION OF THE PERIOD THE ACTION IS TO BE TAKEN 

BLANK 

TITLE 


A CYCLIC CARD BEGINS ACTION AT ITS "START" TIME AND CONTINUES UNTIL THE CYCLIC COMPONENTS 
ARE TURNED "OFF". SEE DISCUSSION OF TIMELINE OPERATIONS. 


*NOTE: Only if Col. 20 > 0, can components concerned be turned off outside of the 

procedure/activity through which they are turned on. 



TABLE 2-5. EXAMPLE OF MISSION PHASE ACTIVITY 


TP- 

217 

0000000 

TP+ 

114 

0140000 

TP+ 

114 

0380000 

TP+ 

114 

0620000 

TP+ 

114 

0860000 

TP- 

820 

0980000 

TP+ 

217 

0980000 


MISSION 2A OPTION 

1 

(DT 

51) 

PCS 01 TO ENTRY 



(OFF) 

STARTRACKER ALIGN 

W 

RCS 

(ON) 

STARTRACKER ALIGN 

W 

RCS 

(ON) 

STARTRACKER ALIGN 

w 

RCS 

(ON) 

STARTRACKER ALIGN 

w 

RCS 

(ON) 

PAYLOAD OBSERVATION 


(OFF) 

RCS 01 TO ENTRY 



(ON) 



Any of the formatted printouts can be selected or omitted for printing at the 
option of the user. The first six tables are outputs available from SEPS 
Phase I, the remaining tables are outputs from COMUSE which is driven by the 
interface tape. 


PRINTED OUTPUT 

OUTPUT PROVIDED AT EACH LO/iD CHANGE 

1 1 Load Summary (Table 2-6) - The Load Summary output occurs whenever 
a component has cycled ON or cycled OFF. It prints the power level 
of each subsystem after the component has cycled and the power output 
required from each fuel cell. The following defines the various 
sections of the Load Summary output: 

a) The cycled component (.equipment) listed with its power 
definition 

b) Subsystems that presently require power 

c) Ac and dc total load requirements 

d) Fuel cell power required 

OUTPUT PROVIDED AT THE END OF EACH MISSION PHASE 

1. Active Components at End of Mission Phase (Table 2-7) - This output 
lists the components that are active at the end of the mission phase. 
It provides a vehicle electrical component configuration check for 
verification of subsystems and program status. 

OUTPUT PROVIDED EVERY 24 HOURS OF MISSION TIME 

1. Power vs Time Graph (Table 2-8) - The graph is printed every 24 hours 
of elapsed mission time and provides a plot of the electrical power 
required during that time period. This graph gives a pictorial view 
of the power levels and what times the peaks and valleys occur. 
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TABLE 2-6 


LOAD SUHMARV TABLE 


»I TIML 

COMPONENT NO.. 



}2«4B00 POUn J307 THE rOLLO^lHd tUHPONeNTS h*VE changed CUNUITIDi< 


COMPONENT NAME 


LOAD NO. 


COLDPLATE NO 


/ 

i c 

S«J tcnld 

OFF 


Tank HTRS-Ft,o 

3001 

0 

Tank htrs-f,o 

I3(jni 

SaITCHEO 

Off 

0 

Tank htrs-F*0 

23001 

Sn itched 

OFF 

0 

s.uano fh xpIi 

6101 

Switched 

ON 

1 

3-bANO FH SIGNAL PNOC 

6|0 1 

SwtTCHCD 

ON 

1 


KtuutKtu Output at Time 


PROCEDURE CALLED 


• 0000 
.0000 
• ooou 

GDtOOOO 

E.OOOO 


ACTIVITY. PROCEDURE OR COMPONENT CALLED 



32.9000 

32.9000 
32 . 9 BQ 0 
32,9033 
32 .to 33 

time' CALLED 


32.9000 


STSTCK 

STSTEH 

S»3TEH 

ISTSIEH 

STSTEH 

UtsTEH 


1 

b 

9 

21 

32 

S2 


91 1 .9S&0 
.0000 
• 0000 
.0000 
• 0000 
.0000 


(TUIAU AC load 
Itotal uc euad 

{totae fuel cell neoujkehent 


stsTe« 

stsTem 


ststeH 

sTstem 


2 

519.0000 

srsiEH 

J 

101 7,0076 

ststeh 

H 

512.7200 

6 

556.7610 

STSTEH 

7 

1 703.5199 

ststeh 

d 

• 0000 

\s 

.0000 

STSTEH 


• 0000 

STSTEH 

20 

.0000 

22 

2.3296 

STSTEH 

30 

103.7863 

ststeh 

31 

26 S. 2 U 00 

HD 

2319,1999 

systeh 

$0 

27.0100 

ststeh 

& 1 

.0000 

0 

• OQDD 

ststeh 

u 

.0000 

ststeh 

0 

.0000 


2317.3662 
j9 |6,9366 
AZJ 3.8228 



ORIGINAL PAGE IS 
OF POOR i^uAizra 


COHPOHENT m 


TABLE 2-7. ACTIVE COMPONENTS AT THE END OF MISSION PHASE 


lotai 

rCOHPOKEKT H«E LOAOWfi — - 

IHU' ’ ' 

^LDPIATE M 

iflaioooog 

VALUES 

^^m*OOOOB 

All 1 VC 

lUtQl 

Ittu 

AXQl 

lOOiQOOOO 


III 

OOOOQ 

active 

luici 

kT*R TrACKIR) 

ROQl 

lao.oQODO 


1* 

OOODO 

ACTIVE 

<0^02 

star TrAIaIrS 

AOOl 

100.00000 


1* 

00000 

active 

iUiJi 

STAR lliACRtRk 

VOOl 

100.00000 


l» 

OOOOQ 

ACTIVE 

ia*oi 

BUUT N«tA SCRbUR RaR 

RIOl 

IDO.OOOCD 


1 

20000 

ACTIVE 

I0*u2 

root KrU SCHJOH PKt 

SIO< 

lOOtOOOOC 


h 

20000 

ACTIVE 

i0*t>2 

ttOiiV RiU SCRSOR RRS 

»lo» 

too. 00000. 


1 

20000 

ACIIVI 

t040N 

UQU> R^t S^«0R nl 

ilQt 

100.00000 


* 

20QOO 

active 

lOnOS 

RUO> R^U SERSOR rKi 

AlOX 

too. 00000 


S 

2000Q 

active 

l0oD4 

BUuT RrTE sensor RRS 

f los 

|00. 00000 


s 

20000 

ACTIVE 

1 1001 

ons rvc URIVER URtI 

IIOl 

lOO.OODOC 


» 

ooooo 

ACTIVE 

1 1002 

OKS TVC driver unit 

XlDl 

1 00 .00000 


» 

OOOOQ 
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TABLE 2-8. POWER VERSUS TIME GRAPH 
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OUTPUT PROVIDED AT THE END OF THE MISSION 

1 . Active Components Upon Completion of Mission (Table 2-9) - Thi s 
output lists those components that are still active at the end of 
the mission. This provides a check on the timeline sequence used 

to verify that the Shuttle is in the proper deactivated configuration. 

2. Active Component Listing (Table 2-10) - This output lists all 
components by subsystem and the number of times each component is 
activated. 

3. Subsystem/Mission Phase Analysis (Table 2-11) - This output compares 
each subsystem power demand to total vehicle power usage during each 
mission phase. The subsystems are listed with average power, 
maximum power and percent of total power. 

4. Component Usage Listed by Decreasing Percent of Energy Used (Table 2-12) 
This output provides a power summary for all components, ranking them 

in decreasing order based on amount of energy consumed during the 
mission. 

5. Subsystem Usage Summary (Table 2-13) - This output lists all electrical 
components by subsystem with a power summary {power required, use 
factor, time activated, energy required) of each component. 

6. Subsystem Summary by Mission Phase (Table 2-14) - The summary lists 
each subsystem with its energy demand for all mission phases. 

7. Component/Time Input Listing - SEPS provides echo capability of the 
inputs provided to the program. 

2.5 PLOT TAPE 

Phase I of the SEPS Program provides a plot tape of time (MET) versus 
various load parameters defined at 28 volts d-c. Table 2-15 defines the 
parameters included on the plot tape and their relative word location within 
each record. 
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TABLE 2-9. ACTIVE COMPONENTS UPON COMPLETION OF MISSION 
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TABLE 2-10 
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TABLE 2-n. SUBSYSTEM/MISSION PHASE ANALYSIS 
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TABLE 2-12. COMPONENT USAGE LISTED BY DECREASING PERCENT OF ENERGY USED 
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50 

DO 

1 

99 

9999 

147.9147 

,13*5*219*01 

•5042589 

12 

70102 

auk memory I 1 4k I 


SO 

00 

27 

99 

9999 

147,9147 

,8395*219*01 

,50425*9 

13 

70101 

AUX memory ll*Kl 


SO 

QQ 

25 

99 

9999 

147,9147 

,8395*219*01 

•S0425S* 

HI 

200203 

Main engine heaters 


300 

00 

3 

|00 

0000 

23.0907 

,4f272|77*o1 

.1177037 

HS 

20o2o2 

HaIN engine heaters 


100 

00 

2 

100 

0000 

23.0907 

•49272177*01 

.1177037 


RCCUMULATCO 

PCRtCNt 


l«117&07A 
IB*T7S0|S2 
|t«<«2H76tO 
70>24TiSlt 
2A. J|T7J2T 
2*« }lT7f }T 
Jl •137721 7 
111 2Q213A0 
3*<10I*ST1 
3( •Z7S0273 
II • I IS I B Hi 
HtT707 (*S 
H3»7T32HI2 
HS*3|2021S 
HA.siasolo 
1I*3h22S27 
1»i*07»0T7 
&0«*73&SSA 
S2f 01IS7I2 
S3t303STTI 
M«S|li2lO 
SSi 733SH2 I 
SAi7|S2«0D 
S7»418»37» 
SliSlISSSB 
STiSSIf 1SI 
iOilJIIOIT 
Si «2j33SSO 
A I •1127HHQ 
S2>752t3|* 
SliSllSlTT 
S1.270107H 
SS<D302TSH 
SSi7B9SI33 
SSi3171t3< 
S7 >0017011 
S7iS|22|SO 
SliUmiO 
S>i72I7S2I 
4Tf 2ISST03 
4T«71|ThI3 
70<2TI2043 
7B«toH14l3 
71 <2221410 
71 •4371714 



TABLE 2-13. SUBSYSTEM USAGE SUMMARY 

cunrUNCNf liSACF ubTCj av ^ue^rsikH 
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LilVIilUNMLNrAl. CilNTHOU AhO UlFt SUH 

cuni ( cO>iru'<t.<«T ulSCi^ U*i I0r< cohpoih.i.T iitf AVt^A^t toIal 

I.Jcui.: DC Ld.U) LO«d USfc FaCTUH UH TiHt 





1»aTI5, 

NO 

(PtRCENT 1 

(hOOR^l 

1 

90 J 1 3 1 

CAdlN FANb 

930 

65 

52 

99 

<9999 

167 

916/ 

2 

9 L 3 1 

lAriJN Pans 

9 30 

65 

51 


• QOOO 


0030 

3 

9L'JlO 1 

CkOlN fans 

9iC 

65 

59 


<0000 


□ 080 

9 

90d2d' 

tAdll* PHLS5 + N2 STOP 

. 1 9 

3 1 

52 

99 

,9998 

U7 

9167 

5 

900202 

CaNIN PUL5S+N2 5T0N 

‘ 19 

31 

53 


.0000 


0080 

6 

9002-j.l 

tAdlS P.(t55+N2 5T0« 

19 

31 

59 


<0080 


aoQC 

/ 

9l1ij3ui 

OkUR HOhpS 

71 

55 

59 

99 

. 9999 

167 

9167 

8 

9U0 302 

iiaIlr Pomps 

71 

56 

52 


• DOOO 


0000 

9 

90031 3 

b A 1 fcR PUHpS 

71 

65 

53 


.0080 


0000 

10 

9039gl 

PKLCi, Pumps 

272 

70 

52 

99 

. 9999 

Ib7 

V167 

1 1 

90391.2 

fKtOi. PofipS 

272 

70 

53 


• 0000 


0030 

1 2 

90Q9*;3 

PnCuN Pomps 

272 

70 

59 


• OQOO 


0080 

13 

9Q0&U 1 

M2‘j iUBLlMATOK SYSTEM 

27 

CO 

52 

99 

.9999 

165 

186? 

19 

9CIU502 

H?u SUdLIMATUrt SYSTc.H 

27 

00 

53 


<0800 


0030 

15 

90D50Y 

M20 SuaUMATOR STSTcH 

, 27 

oo 

59 


< 8000 


0000 

16 

90050*1 

H20 508LIMAI0H SYSTEM 

23 

oo 

1 


<0080 


0080 

17 

9005. lb 

H2U SOOulHATOR SYSTEM 

20 

CO 

2 


<0000 


0000 

Id 

9005po 

M2U SUBuIhATOK SYSTbii 

20 

oo 

3 


<0080 


QOOO 

19 

900OCI 

SPACE RAO CONTB+^LYS 

20 

00 

1 

99 

.9999 

1 65 

1069 

20 

90Q6C.2 

SPACE RAO CUNI8+YLV5 

20 

00 

2 


• oooa 


0000 

2 1 

900on3 

SPACE RAO COt,th + VL»S 

20 

.no 

3 


.0000 


0030 

22 

90(j/dl 

AIIMUN|A CONIB eOA/VLV 

25 

30 

1 

So 

<0000 

1 

826H 

2 3 

900704 

ammonia conth doa/vlv 

25 

GO 

2 


.0000 


0030 

29 

90C9C1 

OaSTE m«mt 

189 

00 

52 

67 

.2567 

32 

8675 

25 

900902 

.yasie moht 

1 89 

DO 

53 

67 

. 2567 

32 

8675 

26 

9aU9c J 

>as-te hont 

1 09 

CO 

59 

67 

.2567 

32 

8675 

27 

900V( 9 

l.ASIE iYOMT 

10 

00 

1 

67 

,2568 

32 

8675 

28 

9009cS 

MAS IE Mom 

10 

00 

2 

67 

. 2568 

32 

8675 

29 

9009O6 

aaSIL »uMI 

10 

CO 

3 

67 

. 2568 

32 

8 6 7 5 

30 

901001 

FOOO M(iMT 

1500 

GO 

33 

iOQ 

• 0000 

30 

5668 

31 

90 1 002 

FoOO M5«T 

1500 

CO 

26 


<0000 


0003 

32 

901001 

Food h&mT 

lJ5 

oo 

52 

too 

• OQOO 

3q 

5668 

33 

HC luOM 

Pooo MOMT 

135 

DO 

53 


<0030 


0800 

39 

**0110 1 

RASTE + POT liAltR 

16 

20 

52 

79 

.5316 

39 

5923 

35 

901102 

l.ASTt + POT nATEh 

16 

20 

S3 

79 

.5316 

39 

5923 

36 

901 1 03 

Y.AS1E + P0T ..AIEK 

960 

QO 

26 

79 

.5316 

39 

5923 

37 

9U1 109 

AASTE+POT ..AIEH 

9»0 

oO 

28 

79 

<5316 

39 

6923 

38 

901201 

AVIOMICS bay pans 1 fcO 

87 

39 

52 

99 

.9999 

167 

9167 

39 

90 1 202 

avionics bay fans PhD 

87 

39 

53 

99 

.9999 

167 

9 1 67 

90 

901 2Gb 

AV IONICS BAY FANS PbC 

87 

39 

59 

99 

,9999 

167 

9 167 

9 1 

901301 

AVIONICS BAY FANS APT 

IQU 

00 

52 


<0000 


0080 

9k 

90 1 302 

AVIONICS UAY fans Af T 

toa 

QD 

53 


.0000 


0000 

93 

90I9U 

CAblN MLAILK 

laoo 

qQ 

1 

99 

,9999 

82 

0530 

9 9 

9015c I 

lliSIRuMtMAI IOI< 

50 

80 

1 

99 

,9999 

167 

9167 


I('1„L tNtHCY cDI^SUY-tL bV aUL COMPONENTS ,367Vl4l5»D6 »aTT hODHS 


COMP CNtKbT PtNCtNT OF 
HtQ'iJSEO IOTaC HiSSlOh 
I»aTT rtOURS) CNCRbT RCbU]RtO 


« 723 I 32 | 7 aOS 

•OOOflOOOJ 
<00000000 
tzsoaeaaa^o** 
<00000000 ' 
tOOOOOOQQ 

< 120 I ‘m20*05 
<00000000 
<00000000 
<H&/Vo809»OS 
<00000000 
<00000000 
<MH%784I0«0‘4 
<00000000 
<00000000 
<00000000 
<00000000 
<00000000 
<3i02| JH9<0H 
<00000000 
<00000000 
<22829066+02 
<00000000 
<9 1 779601 ♦0‘J 
<91779601 +0R 
<91 779601+0*1 
<22105612+03 
<221056 I 2 + 01 
<22105612*03 
<95050156+05 
<OOOOOQOi] 

.91 265 1 9 J +09 
<00000000 
<5101 1229*03 

' <5101 1229+03 

< 1 9989669*05 
419909669+05 

< J9666669+05 
. 19666669+05 
<19666669+05 
.00000000 
<00000000 
<82052901+05 
<83958220*09 

total mission time 


19.6598090 
<0000000 
<0000000 
.6531069 
<0000000 
<0000000 
3<2655320 
<0000000 
<0000000 
12<9959909 
< 0000000 
<0000000 
(<21 16568 
<0000000 
<0000000 
.0000000 
<0000000 
<0000000 
.8975238 
<0000000 
<0000000 
<0062052 
<0000000 
t< 1 355790 
t<135579o 
1<135579o 
<0600833 
•0600833 
•0600833 
I2<9621209 
<0000000 
I . 1 215909 
,0000000 
. 1386990 
< 1386990 

3.9369985 

3.9369985 
3.9869199 
3.9869199 
3.9869199 

.0000000 

<0000000 

22,3020659 . 

2<28l9933 

.16791667903 hours 
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TABLE 2-14. SUBSYSTEM SUMMARY BY MISSION PHASE 
. \ 


SUbSVSTCH USAfaC SUHHARt «V HtSSION THASC 
MISSION phase I thru |0 


system 

system OCSCIPTION 

1 

KKH 

2 

KKH 

3 

kkh 

1 

KKH 

S 

kkh 

4 

kkh 

7 

kkh 

• 

KKH 

9 

KRH 

IQ 

Kkh 

1 

2 

guidance, navigation, and control 

7S| .SS 

181.43 

SDO'O^ 

434.4* 

17479* 

SiS.oS 

***» 17 

1*3.20 

173.20 

511.30 

cohhunicaT ions 

413.54 

H5,.40 

15^,40 

159.40 

15f,40 

194,7* 

I33|i1l 

923.33 

159*40, 

159*40 

i 

DISPLAY aNO controls 

1224.05 

448.54 

707.21 

903.49 

441.23 

75] .oT 

HIT. 73 

•IT.TI 

454.#* 

7|'9.24 

i 

OPEHaTiONaL rtlGHl instrumentation 

573.50 

523.12 

523.12 

523.12 

<23*12 

S23«li 

523.12 

523.12 

523.12 

*23.12 

b 

developmental flight Instrumentation 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

• 00 

• 00 

.00 

* 

ELECIKKaL power U|ST aNO control 

43<|iSf 

750.00 

750.00 

750.00 

750.00 

783.21 

1530.00 

1141. #1 

750.00 

7S0.0Q 

7 

data processing 

2B4S.06 

1140.00 

1519.43 

|822iB1 

1148.33 

1597. 2» 

1739.54 

1140.00 

1140.00 

1*11.5* 

a 

payload management 

tOQ 

.00 

.00 

.00 

• 00 

>60 

.00 

.00 

• 00 

.00 

9 

UNMANNED KIT 

.00 

.00 

■ 00 

• 00 

• 00 

• oo 

• 00 

.00 

.00 

• 00 

lb 

EKTERNAL TANK lETl 

34.21 

280.00 

70.77 

• 00 

.00 

.00 

• 00 

.00 

• 00 

.00 

1* 

SOLID ROCKEl UOOSTER ISRBI 

iQO 

.00 

.00 

• 00 

• 00 

. 00 

.00 

.00 

. 00 

• DO 

20 

main propulsion STSTeM 

332.11 

.00 

. DO 

• 00 

.00 

.00 

• 00 

• 00 

.00 

• DO 

Tl 

URBIT maneuvering SYSTEM 

52.52 

204.84 

89.20 

512.74 

12.14 

205.34 

118. |9 

.00 

• 00 

131.50 

22 

reaction control system 

53.51 

193.01 

332«oT 

125.01 

249.10 

344.0# 

313.93 

352.12 

325.24 

31| .52 

23 

aIR bNeathino engine system 

.00 

.00 

.00 

.00 

>00 

.00 

.DO 

• 00 

.00 

.00 

30 

poaer generation system 

2101 .B2 

380.22 

380.22 

380.22 

3>0.22 

3BQ.22 

3#a>22 

38a»22 

3#a>22 

3(q.22 

31 

POKER react 'STDR ANO D|5T 

351 .88 

117.00 

117. DO 

117.00 

117.00 

117.00 

117.00 

117.00 

117.00 

117.00 

32 

aux poker unit 

402.08 

400.00 

337.54 

.00 

>00 

. 00 

• 00 

• 00 

• 00 

• 00 

NO 

ENV IROnMlnTal control and Lire SUP 

1489.57 

1008.05 

1 |02>28 

1207.2# 

2417.22 

21#1.2» 

2lilt5» 

2124.15 

2414.17 

2452.91 

SO 

hYdRaUlIcS poker system 

27.47 ■ 

.00 

.00 

.00 

.00 

>00 

• 00 

.00 

1072.01 

|3«2.44 

SI 

docking and cargo hndlc 

.00 

.00 

.00 

.00 

.00 

.OQ 

.00 

• 00 

.00 

• 00 

52 

mechanical system and log 

119. S3 

2510.00 

411.95 

• 00 

>00 

• 00 

.00 

• 00 

• 00 

.00 



TABLE 2-15. SEPS PHASE 1 PLOT TAPE 


WORD 

LOCATION 

1 

2 

3 

4 

5 

6 

7-106 


PURPOSE 

Time 

Total dc load 

Total fuel cell load includes losses 

Fuel cell 1 load 

Fuel cell 2 load 

Fuel cell 3 load 

Subsystem load 
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2.6 PHASE I INTERFACE TAPE 

Phase I of the SEPS Program provides as an output an interface tape v/hich 
contains event time point data including time, loads, power factors, and 
circuit switch positions to drive Phase II through a defined mission timeline. 
Associated with this interface tape, a compacted component dictionary built in 
Phase I is required and it can be stored on the interface tape or on another tape 
The storage location of the compacted dictionary and the Interface tape is 
controlled by user and is defined to the program through the "units" card. 
Explanation of card usage is in Section 4. 
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3.0 SEPS PHASE II 



3.0 SEPS PHASE II 


3.1 DISCUSSION 

The SEPS Phase II program integrates a collection of math models that 
define the operating characteristics of the power sources, distribution, and 
equipment of the input electrical power system. This provides the capability 
of simulating the total electrical power system with which system design and 
design/mission requirements compatiblity can be analyzed and parametric 
studies performed by making variable data and timeline changes. The program, 
using an input circuit definition of the electrical power system, solves the 
electrical circuit at each defined time point to a defined load configuration. 

The derived information is then provided as output data. 

The Phase II outputs available to the user are: 

1. FORMATTED PRINTOUT - dc DISTRIBUTION NETWORK, SOURCE, AND 

INVERTER STATUS printout occurs whenever Phase II is run. 

2. CRYOGEN USAGE - printout occurs whenever Phase II is run. 

3. INTERFACE TAPE - Similar to Phase I interface tape and is available 
at user option. 

4. COMUSE - Requires interface tape and is available at'user option. 

5. CONSTRAINT VIOLATIONS - User Option 

The inputs for Phase II operation can be grouped in the following categories 

1. CIRCUIT DEFINITION DATA 

2. VARIABLE DATA 

3. CARD TIMELINE DATA 

4. PROGRAM OPTION CARD DATA 

5. INTERFACE TAPE DATA 

Each input is described in detail in Section 3.2. See Figure 3-1 for 
Input/Output Flow Diagram. 


I'Receding page blank not 
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FIGURE 3-1 

INPUT/OUTPUT FLOW DIAGRAM OF SEPS PHASE II 














Phase II can be operated in three different modes dependent upon what 
type of timeline is used. The three modes are: 

1. Card deck timeline mode - Would be used to perform simple parametric 
studies of the electrical power system. A sample listing of input 
deck is shown in Appendix D. 

2. Interface tape timeline mode - Would be used to perform mission 
analysis. A sample listing of input deck is shown in Appendix E. 

3. Interface tape with timeline adjustments mode - Would be used to 
perform system contingency operation analysis and equipment design/ 
mission requirements capability. A sample listing of input deck is 
shown in Appendix F. 

3.2 PHASE II INPUT DATA 

3.2.1 Circuit Definition 

A description of the dc distribution circuit and a definition of an 
associated inverter system is provided as input to Phase II. The dc 
distribution circuit is defined in terms of branches and the elements contained 
in each branch (such as sources, loads, diodes, etc.). The inverter system is 
defined in relation to the dc circuit and in terms of the number of inverters, 
the number of associated dc loads, the number of ac buses, which inverter is 
connected to which ac bus and where the input inverter dc load is to be applied 
within the dc circuit. 

3.2.11.1 Circuit Elements 

The elements that are used to make up the circuit description are 
categorized by sources and loads. A maximum of twelve sources in a circuit 
description can be handled by Phase II. The type sources that can be used in 
the circuit description are: 

1. Fuel Cell - maximum of 5 

2. Battery - maximum of 6 (2 types of I-V curves allowed) 

3. Other - maximum of 12, these are simulated by an input I-V curve for 
each source (such as a transformer rectifier). Maximum of 2 input I-V 
curves, for "other" sources (Type 3 or Type 4). 
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The types of load components that can be used In simulating the electrical 
circuit are: 

1. dc equipment loads - includes constant power, qonstant resistance and 
three point load data. 

2. ac inverter and ac equipment loads - in the circuit analysis, these 
loads are converted to the amount of dc power required for ac 
operation including efficiency losses (cannot be combined v/ith other 
loads in the same branch). 

3. Remote Power Controller (RPC) - includes a voltage drop, forward 
resistance, reverse resistance and no-load resistance. 

4. Diode - includes a voltage drop, forward resistance and reverse 
resistance. 

5. Battery charger - Load required to recharge battery, value changes 
to zero charge load when SOC reaches 100%. (cannot be combined with 
other loads in the same branch) 

6. Line loss - line resistance between two nodes. 

A total of fifty DC LOADS can be used in developing the input circuit 
description. A LOAD can be any combination of the components listed above 
with the exception of the two (2 and 5) so stated above. 

3. 2. 1.2 Distribution Circuit Description 

The distribution circuit is defined in terms of branches and nodes. 

This information is provided as an input to the computer program. For 

t 

Phase II, a branch is defined as an electrical circuit path that contains 
an element (source, loads, line resistance, etc.,) and a switch. A node Is a 
junction point of two or more branches. 

3. 2. 1.3 Simple Circuit 

Figure 3-2 is a typical circuit that contains most of the elements available 
for program circuit analysis. Some general rules that must be followed in 
describing the circuit in branches and nodes are: 

1. Loads used for the charger and those used for inverter dc loads 
cannot be used for any other loads. 

2. Branch switches and lead resistances will have the same number as the 
branch in which they are located. 
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FIGURE 3-2. SIMPLE CIRCUIT 








3. Each branch will contain a switch and a lead resistance and the value 

of the resistance must be greater than .0005 ohms except when the branch 
contains a load. 

4. A load cannot be included in a branch that contains a source. 

% I 

K 

5. All real (R) data values must have a decimal point. 

6. Maximum of 30 nodes (including ground or reference node) 

7. Maximum of 9 inverters 

8. Maximum of 100 branches 

9. Maximum of 12 sources 

10. Maximum of 50 loads 

'll. Maximum of 100 diodes including RPC's 

12. The Branches which contain a source, the current flow must be defined 
from the lower voltage to the higher voltage node. 

13. Branches which contain a diode or a RPC, the current flow definition 
must be in the positive direction of diode or RPC flow. 

14. Data on each card should start in column 2. 

15. Sources are to be numbered consecutively with a maximum number of 12. 

Figure 3-3 shows the typical circuit with the circuit defined in terms of 
branches, nodes and elements required for coding into the SEPS program. 

3. 2. 1.4 Circuit Input Data 

The data describing the circuit is read from a card image tape file or, 
from a card deck input to the data tape through program WLCC3T in forming a 
new file on the data tape. To develop the tape file, the format used to input 

the circuit description is a Free Field Format, i.e., each value is to be 

separated by a comma, all data must be listed in proper sequence on each card, 
and all data must be present even if the value is zero or blank. The end of 
each card is used as a comma. Figure 3-4 shows the required card deck set up 
and Figure 3-5 states what data information is to be included on each card. 

Figure 3-5 is a listing of the card deck used to describe the simple circuit 
'in Figure 3-3, 
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FIGURE 3-3. BRANCH/NODE/ELEHENT CONFIGURATION OF SIMPLE CIRCUIT 













$END CARD 




^ ^ANCH 
DEFINITIONS 




7J 


UNDERVOLTAGE 
LIMITS 


CARD 3 
INVERTER-AC 
SIDE 


CARD 2 

INVERTER' DC SIDE 


CARD 1 
CKT. SIZE 


TITLE CARD 




FIGURE 3-4. - CIRCUIT DEFINITION DECK SETUP 
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FIGURE 3-5. 


CARD 

TITLE CARD 
CARD 1 


CARD 2 


CARD 3 


UNDERVOLTAGE 

LIMITS 


BRANCH 
DEFINITIONS 
(one card per 
branch, each 
card containing 
the information 
described at the 
right. ) 


CARD DATA (FREE FIELD FORMAT)* 


VARIABLE 

TYPE 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


R. 


I 

I 

I 

I 

I 

I 


CARD INFORMATION 
NAME GIVEN TO CIRCUIT 

1. No. of Nodes (including ground or reference node) 
(maximum of 30) 

2. No. of Reference Node 

3. No, of Inverters (maximum of 9) 

4. No. of the Load reserved for the battery charger. 

If battery charger not used, insert zero as load 
number. 

1. Quantity of D-C Loads used for Inverter Loads 
(minimum of 1) 

2. Branch Nos. containing the d-c Loads (each branch 
number seperated by a comma) 

3. Inverter numbers associated with the above dc LOAD 
(listed in corresponding sequence as branches) 

1. Quantity of A-C Load Buses supplied by inverters 
(minimum of 1) 

2. Inverter No. (relative no.) connected to AC Bus 1 

3. Inverter No. (relative no.) connected to AC Bus 2 

4. Inverter No. (relative no.) connected to AC Bus 3 

1. One under voltage limit for each node (number of 

nodes taken from card 1). If no under voltage limit 
applies, use -10. for the limit. Separate each 
value by a comma. Use as many cards as necessary. 

1. Branch number (maximum and largest allowable is 100) 

2. Node number from which current flows 

3. Node number into which current flows 

4. Source number (maximum and largest allowable is 12) 

5. Source type (Type 1 = Fuel cell, Type 2 = Battery, 
Type 3 = OTHER 1, Type 4 = OTHER 2) 

6. Relative source number (relative to type, such as 
fuel cell 1, 2 and 3) (maximum of 5 fuel cells and 
up to 6 batteries) 
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FIGURE 3-5. (CONTINUED) 

CARD DATA (FREE FIELD FORMAT)* 

VARIABLE 


CARD 

TYPE 


CARD INFORMATION 

BRANCH 

DEFINITIONS 

I 

7. 

Load number (maximum and largest allowable is 50) 

(CONTINUED) 

I 

8. 

Relative diode number (maximum and largest allowable 
100) 


R 

9. 

Lead resistance of branch (minimum value of .0005) 


R 

10. 

Diode or RPC voltage drop 


R 

n. 

Diode or RPC forward resistance 


R 

12. 

Diode or RPC back resistance 


R 

13. 

RPC no load resistance value at 28 volts which is 
to be used to calculate RPC no load 'power loss 


R 

14. 

Branch current limit 


I 

15. 

Switch position of branch switch (initial condition) 
(closed = 1, open = 0) 

END CARD 


1. 

This card is used to end the circuit definition. 


Place a - 10 followed by 14 commas on the card. 

*Start each card in column 2 
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3.2.2 Variable Data 

Input variables for Phase II are provided to extend the flexibility of 
the program for conducting electrical power system parametric studies and to 
eliminate many program modifications that would occur due to the evolution of 
vehicle and hardware design. Table 3-1 lists all Phase II variables with 
maximum dimension, input method, units, and definition. 

The two methods of inputing the variable data into Phase II are by data 
tape and card deck. The method used by each variable is defined in Table 3-1. 
The values of the variables that are listed on the data tape will be overriden 
by card deck input. The only card deck modifications that can be made to the 
Phase I interface tape are the changing of a component power level at data 
initialization and changing a switch position during the timeline. 

Figure 3-7 shows the card deck setup for inputing the initialization 
data. Figure 3-8 shows the individual card readout for the initialization 
input data for the circuit described in Figure 3-3. When the Phase I 
interface tape is used, the card deck input LOAD VARIABLES in Table 3-1 are 
not required since load values would be obtained from the interface tape 
timeline. 

Changing the variable values through the card deck timeline input is 
discussed in Section 3.3. 

3.3 CARD TIMELINE DATA INPOT 

The card timeline provides a means of access to the Phase II program 
during a timeline run to inject changes at desired time point. 

The type of change inputs available to the user are: 

1. Load values 

2. Switch position (changes circuit configuration) 

3. State-of-charge on battery 

4. Operating temperature of fuel cell 

5. Temperature of battery 


45 



TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II 


INPUT METHOD 


LABEL 

MAX 

DIM 

DATA 

TAPE 

CARD* 

DECK 

UNITS 

DEFINITIONS 






LOAD VARIABLES 

ACPOW(I) 

(9) 

X 

ID&CTL 

WATTS 

Ac load for inverter AC BUS (I), Variable 
not used when Phase II is driven by an 
interface tape 

PFAC(I) 

(9) 

X 

ID&CTL ■ 


AC load power factor for AC BUS (I) corres- 
ponding to loads in ACPOW(I). Not used 
with interface tape 

PP{I) 

(50) 

X 

ID&CTL 

WATTS 

Constant power load for LOAD (I), Variable 
not used when PHASE II is driven by an 
interface tape 

PR(I) 

(50) 

X 

) 1 

ID&CTL 

WATTS 

Constant resistive power load for LOAD (I), 
PP(I) and/or PR(I) may be used to represem 
LOAD (I), Variable not used when PHASE II ' 
driven by an interface load 

CHRGLD 

1 

X 

ID&CTL 

WATTS 

DC power required by battery charger when 
charging batteries 

i 


*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 
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TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPUT MEl 

rHOD 

LABEL 

MAX 

DATA 

CARD* 

UNITS 



DIM 

TAPE 

DECK 


DEFINITIONS 






LOAD VARIABLES 

CVAL{I) 

(25) 

X 

ID 


Component power value to be used in PHASE II 
calculations in lieu of the component loads in 






TPLOAD. NOTE: LOC 1-5 for F/C 1-5 noncyclic 

loads and LOC 6-10 for F/C 1-5 cyclic loads 

NCNT(I) 

(25) 

X 

ID 


Component numbers associated with the component 
loads in CVAL 

NCTP{I) 

(25) 

X 

ID 


For each LOAD in CVAL, defines if the load is 
constant power (>0) or constant resistance (=0) 

NCNTC 


X 

ID 


Number of loads defined in CVAL 

CAP IN V 

(9) 

X 

ID 

VOLT- 

AMP 

Inverter (I) maximum overload limit 


*ID = INITIALIZATION DATA 
CTL =■ CARD TIMELINE 










TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Conf d) 


INPUT METHOD 


LABEL 

MAX 

DIM 

DATA 1 
TAPE 

CARD* 

DECK 


UNITS 

DEFINITIONS 



1 




FUEL CELL VARIABLES 

FCTA(I,J) 

(9,7) 

X ' 

ID 



Array containing fuel cell I-V curves as a 
function of temperature 
I = No. of points 
0 = 1 is current value (amps) 

J = 2 thru 7 voltage level at each tempera- 
ture of FCTN 

FCTN(I) 

(6) 

X 

ID 



Temperatures associated with the I-V curves 
of FCTA 

FCT(I) 

(5) 

X 

ID&CTL 



Operating temperature of fuel cell (I) 

NFCTA 


X 

ID 



No. of current points used in FCTA 

H2T 


X 

ID 


LBS 

Initial quantity of hydrogen available 

02T 


X 

ID 


LBS 

Initial quantity of oxygen available 

HUR 


X 

ID 


LBS/ 

AMP-HR 

Hydrogen use rate based on amp-hour require- 
ments 

OUR 


X 

ID 


LBS/ 

AMP-HR 

Oxygen use rate based on amp-hour requirements 

HR 


X 

1 

ID 


LBS/ 

HR 

Hydrogen purge rate 

OR 


X 

ID 


LBS/ 

HR 

Oxygen purge rate 


*ID ^ INITIALIZATION DATA 
CTL = CARD TIMELINE 







TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPUT METHOD 


LABEL 

MAX 

DATA 

CARD* 


UNITS 



DIM 

TAPE 

DECK 



DEFINITIONS 







FUEL CELL VARIABLES 

HPT 


X 

ID 


SEC 

Hydrogen purge time 

OPT 


X 

ID 


SEC 

0>o'gen purge time 

PIH 


X 

ID 


HRS 

Interval between hydrogen purges 

PIO 


X . 

ID 


HRS 

Interval between oxygen purges 

TPH(I) 

(5) 

X 

ID 


HRS 

Time of last hydrogen purge for fuel cell (I) 






MET 


TPO(I) 

(5) 

X 

ID 


HRS 

Time of last oxygen purge for fuel cell (I) 






MET 


WPR 


X 

ID 


LBS/ 

AMP-HR 

Fuel cell water production rate 

H2U 


X 

ID 


LBS 

Unusable hydrogen quantity 

02U 


X 

ID 


LBS 

Unusable oxygen quantity 

FCLIM(I) 

(3) 

X 

ID 


WATTS 

Fuel cell power limits, 1 = peak, 2 = average, 
3 = minimum 

TIMVd) 

(3) 

X 

ID 


HRS 

Length of time that fuel cell power limits 
apply, 1 = peak, 2 = average, 3 - minimum 

TMAXFC 

1 


X 

ID 


HRS 

Maximum time step thru fuel cell thermal model 


*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 





TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPU' 

r METHOD 

LABEL 

MAX 

DIM 

DATA 

TAPE 

CARD* 

DECK 


UNITS 

DEFINITIONS 







FUEL CELL VARIABLES 

FCWPUD 

(5) 

X 

ID 


WATTS 

Parasitic pump and logic loads for fuel cell 
(I) - constant power 

FCWP2(I) 

(5) 

X 

ID 


WATTS 

Parasitic Heater cyclic load for fuel cell (I) 
constant resistance 

SSTVId.J) 

(10,2) 

X 

ID 


°F/ 

AMP 

The T-I curve which the fuel cell follows as the 
fuel cell temperature reaches its steady state 
value, J = 1 is Temp., J = 2 is current 

FCLTL 


X 

ID 


op 

Fuel cell lower temperature limit - heaters 
turn "ON". 

FCHOL 


X 

ID 


°F 

Fuel cell high temperature limit - heater turns 
"OFF". 

FCHTL 

' 

X 

ID 


°F 

Fuel cell redline limit - diagnostic warning 







BATTERY VARIABLES 

CSUBD(I) 

(6) 

X 

ID 


AMP- 

HRS 

Battery amp-hour capacity for battery (I) 

SOC(I) 

(6) 

X 

IDS 

CTL 


PER- 

CENT 

Battery (I) initial state-of-charge 


*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 



TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPUl 

[ METHOD 

LABEL 

MAX 

DIM 

DATA 

TAPE 

CARD* 

DECK 


UNITS 

DEFINITIONS 







BATTERY VARIABLES 

TB(I) 

(6) 

X 

IDS 

CTL 


op 

Battery (I) temperature 

XNC(I) 

(6) 

X 

ID 



Number of cells in battery I 

EFFAVR 


X 

ID ‘ 


PER- 

CENT 

Average amp-hour efficiency during charging 

SOCA{I,J,K) 

(7.6,2) 

X 

ID 

' 


Battery I-V curves versus 
temperature, and battery group. 

I = No. of points, 

J = 1 is current, 

J = 2 to ‘6 voltage at temperature of IT, 

K = battery group 1 or 2 (1 = group of 3 
common batteries) (2 = group of common 
batteries), (per cell voltage) 

IT(I.J) 

(5.2) 

X 

ID 



Battery temperatures used in SOCA, 
I = temperature, 

J = battery group 

NSOCA 


X 

ID 



No, of points used in SOCA for each IV curve 

SOCUL 


X 

ID 



Minimum battery SOC limit 


*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 


TABLE 3-1, INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPUT METHOD 


LABEL 

MAX 

DIM 

DATA 

TAPE 

CARD* 

DECK 


UNITS 

DEFINITIONS 







DISTRIBUTION CIRCUIT VARIABLES 

R(I) 

(100) 

X 

ID 


OHMS 

Branch (I) line resistance 

S(I) 

(100) 

X 

ID& 

CTL 



Branch (I) switch position (1 = closed, 0 = Open) 

ICRCT(I.J) 

(100,4) 

X 

ID 



Branch (I) definition 
I = Branch No., 

J = 1 is node number current out, 
J = 2 is node number current ^in, 

0 = 3 is source number, 

J = 4 is load number 

NCRT 


X 

ID 



Maximum or highest branch number in ICRCT 

CRCT{I,J) 

(100,6) 

X 

ID 



Branch (I) diode or RPC definition 
I = Branch No. , 

J = 1 is diode voltage drop, 

J = 2 is diode forward resistance, 

J = 3 is reverse resistance, 

J = 4 is RPC no load resistance, 

J = 5 is forward or reverse resistance being used, 
J = 6 is branch current limit 

UV(I) 

(30) 

X 

ID 


VOLTS 

Undervoltage limit for node (I) 

DELTA 


X 

ID& 

CTL 


VOLTS 

Tolerance on node voltage solutions (normally 10"^ 


*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 
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TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPUT METHOD 


LABEL 

MAX 

DATA 

CARD* 

- 

UNITS 



DIM 

TAPE 

DECK 



DEFINITIONS 





j 


DISTRIBUTION CIRCUIT VARIABLES 

INVLCA(I) 

(9) 

X 

ID& 



Inverter number connected to AC inverter bus (I) 


1 

X 

CTL 



NSC(I) 

i 

(12) 

X 

ID 



Number of IV points in Source (I) used in the 
circuit solution 







POWER SOURCE VARIABLE (Other than Batt & F/C) 

T3SRCS(I,0) 

(15,2) 

X . 

ID& 



Type 3 source IV curve. 


1 


! CTL 



I = Number of points, 

J = 2 is current value, 
J = 1 is voltage value 

NT3S 


X 

IDS 



Number of points used in T3SRCS 




CTL 



T4SRCS(I,J) 

(15.2) 

X 

ID& 



Type 4 source I-V curve. 




CTL 



I =' Number of points, 

J = 2 is current values, 
J = 1 is voltage values 

NT4S 


X 

ID& 



Number of points used in T4SRCS 




CTL 




*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 



TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Conf d) 


INPUT METHOD 


LABEL 

MAX 

DATA 

CARD* 


UNITS 



DIM 

TAPE 

DECK 



DEFINITIONS 







MISC. VARIABLES 

MET 



ID 


HRS 

Simulation start time 

TDELTA 



ID& 


HRS 

Maximum simulator time increment 




CTL 




NPRT 



ID& 



Formatted printout interval as a multiple 




CTL 



of TDELTA 

JPRINT 



ID 


■ 

Flag to request initialization data to be 
printed out. Value > 1 

IPRNT 



CTL 



Flag to request a formatted printout at a 
particular card timeline point. Set = 1 to 
request print 

ISOLVC 



CTL 



Flag to request a circuit solution at a 
particular card timeline point. Set = 1 to 
request solution 

MPRNTl 



ID& 



Set > 0 to request tape timeline debug print 




CTL 



MPRNT2 



ID& 



Set > 0 to request inverter debug print 



i 

CTL 




*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 


TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd) 


INPUl 

r METHOD 

LABEL 

MAX 

DATA 

CARD* 


UNITS 



DIM 

TAPE 

DECK 



DEFINITIONS 






j 

MISC. VARIABLES 

MPRNT3 



ID& 



Not Used 




CTL 




MPRNT4 



ID& 



Set > 0 to request battery and fuel cell 




CTL 



debug print 

MPRNT5 



ID& 



Not Used 




CTL 




MPRNT6 



ID& 



Not Used 




CTL 




I ABORT 



CTL 



Set > 0 to abort simulation 

ICHRG(I) 

(3) 


CTL 



Charge Flag to Initiate charging of battery (I) 

IRESET 



CTL 



A request to print SIMPAC data for simulation 
Initialization data points. 


*ID = INITIALIZATION DATA 
CTL = CARD TIMELINE 



INITIALIZATION 
DATA CARDS 

^ $CRDSI 

INITIALIZATION 
DATA START 
CARD 


FIGURE 3-7. INITIALIZATION DECK SETUP 
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FIGURE 3-8. INITIALIZATION DATA CARD LISTING - EXAMPLE 
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SYSTEMS 7030-H 



6. Request additional printout for SIMPAC data and for debug 

7 . Abort run 

'8. Node voltage solution tolerance 

9. Battery charger load value and initiate charging 

10. Change ac bus connections to inverters 

11. Request circuit solution and formatted printout 

12. Change ground reference node 

13. Number of points in developing "OTHER" source I-V curve 

14. "OTHER" source I-V curve points 

15. Maximum time step increment 

The variables that can be used in the card timeline are listed in 
Table 3-1. The deck setup for card timeline input is shown in Figure 3-9. 
Example card readout for timeline input is shown in Figure 3-10. 

3.4 FORMATTED PRINTOUT DESCRIPTION 

The formatted printouts available from SEPS Phase II are discussed in the 
subsequent paragraphs of this section and examples of each type of printed 
output are provided. The user can select or omit the Phase II printout by 
proper selection of the options described on the option card (Section 4.1). 

3.4.1 DC Distribution Network Status 

Figure 3-11 depicts the formatted printout for the Distribution Network 
parameters. The length of the printout will vary as a function of the number 
of branches in the circuit. 

3.4.2 Source Status and Cryogenic Usage 

Figure 3-12 depicts the formatted printout for source .status, cryo status, 
and inverter status. The width of the printout will vary as a function of 
number of sources and inverters. 
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ABORT IS REQUESTED 


FIGURE 3-9'. CARD TIMELINE DECK SETUP 
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FIGURE 3-11. DC DISTRIBUTIOH NETWORK STATUS 
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3.4.3 Constraint Analysis Printout 

The Constraint violation printout as shown in Figure 3-13 will be 
provided at the end of the Phase II run if requested by the user. 

3.4.4 Phase II COMUSE Printout 

Phase II COMUSE Printout is the same as described for Phase I (Section 
2.4) except that all power values are at the actual operating voltage rather 
than 28 volts. 

3.5 PLOT TAPES 

Phase II provides three separate plot tapes* selected at the option of 
the user (see 4.1 Program Option Cards), which can be used to plot selected 
Electrical Power System parameters as a function of mission elapsed time. 

Table 3-2 defines the Shuttle plot parameters available while Table 3-3 
defines the plot parameters available for ASTP CSM 111 and ASTP CSM 119. 

3.6 PHASE II INTERFACE TAPE 

Phase II of the SEPS program provides an interface tape, as an output, 
which is exactly like the Phase I interface tape (Section 2.6) except that 
power values are at the load operating voltages rather than at 28 volts dc. 
The Phase II interface tape is used as input to COMUSE to provide a load/sub- 
system mission phase analysis. 
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TABLE 3-2. 


PLOT PARAMETERS 


LOCATION 

QUANTITY 

DEFINITION 

1 

1 

Time 

2-13 

12 

Source Voltages 

14-25 

12 

Source Currents 

26-37 

12 

Source Power 

38 

1 

Total F/C Current 

39 

1 

Total F/C Power 

40 

1 

Accumulated F/C AMP-HR 

41 

1 

Inverter No. 1 dc Load 

42 

1 

Inverter No. 2 dc Load 

43 

1 

Inverter No. 3 dc Load 

44 

1 

Total Inverter dc Load 

45 

1 

Accumulated Source KWH 

46 

1 

02 Consumed 

47 

1 

H2 Consumed 

48 

1 

02 Remaining 

49 

1 

H2 Remaining 

50 

1 

H20 Produced 

51-74 

24 

Bus (Node) Voltages 
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TABLE 3-3. ASTP PLOT PARAMETERS 

The following are the word locations and word content for the SEPS ASTP 
PLOT TAPES generated for CSM 111 or CSM 119. The parameter values will be 
provided at each SEPS time point which includes all load changes. 

WORD NO. CSM 111 WORD CONTENT WORD NO. CSM 119 WORD CONTENT 


1 

Mission Time in Hours (GET) 

1 

Same as CSM 111 

2 

Total ac Power 

2 

Same as CSM 111 

3 

Total dc Power 

3 

Same as CSM 111 

4-6 

Power Out of Fuel Cells 1-3 

4-5 

Power Out of Fuel Cells 1-2 

7 

Total Fuel Cell Power 

6 

Same as CSM 111 

8-10 

Fuel Cell 1-3 Current 

7-8 

Fuel Cell 1-2 Current 

n-13 

Fuel Cell 1-3 Voltage 

9-10 

Fuel Cell 1-2 Voltage 

14-16 

Battery A,B,C Current 

n-14 

Battery A,B,C Descent Current 

17-19 

Battery A,B,C Voltage 

15-18 

Battery A,B,C, 

Descent Voltage 

20-22 

Battery A,B,C Ampere Hours 

19-22 

Battery A,B,C, 

Descent Ampere Hr 

23-25 

Fuel Cell 1-3 Temperature 

23-24 

Fuel Cell 1-2 Temperature 

26 

Total dc Energy Used 

25 

Same as CSM 111 

27 

Quantity H2 Remaining Tank 1 

26 



28 

Quantity H2 Remaining Tank 2 

27 



29 

Quantity 02 Remaining Tank 1 

28 



30 

Quantity 02 Remaining Tank 2 

29 



31 

Total Fuel Cell Current 

30 



32 

Total Battery Current 

31 



33 

Total Spacecraft Current 

32 



34 

Percent 02 Remaining Tank 1 

33 



35 

Percent 02 Remaining Tank 2 

34 



36 

Percent H2 Remaining Tank 1 

35 



37 

Percent H2 Remaining Tank 2 

36 



38 

CM Main Bus A Voltage 

37 



39 

CM Main Bus B Voltage 

38 



40-42 

Fuel Cell (1-3) Internal 
Resistance 

39-41 

1 

f 

43,44 

Main Bus A &B Power 

42-43 

1 
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4.0 PHASE I/PHASE II 
RUN PROCEDURES 



4.0 PHASE I/PHASE II RUN PROCEDURES 


4.1 PROGRAM OPTION CARDS 

There are two option cards and one abort card that are used to define 
program operation. The first option card is used to request what type of 
analysis is to be performed and the output data to be obtained. The options 
are dependent on the “flags" set on this card. See Table 4-1 for option card 
format . 

The second card is a "units" card. This card tells the program where 
the data required for Phase I and Phase II analysis can be located (i.e., 
circuit description, fixed data, etc.). The "units" card works in conjunction 
with where the user has assigned the tapes and the card deck inputs. The 
assignment location is based on the “1108 I/O UNITS" definition. The "units" 
card format is given in Table 4-2. 

The abort card tells the program at what time to cease timeline analysis. 
The abort card format is given in Table 4-3, If the abort card is not used, 
the program will use an abort time of 500 hours. 

Figure 4-1 shows a sample listing of the option card, units card, and 
abort card. 

4.2 PHASE I DECK SETUP 
4.2.1 Tape Assignments 

The first cards to. appear in the deck after the run card are those which 
assign the tapes necessary for a Phase I execution to appropriate tape units. 
Those tapes which must be assigned for Phase I are: 

1. PCF Tape 

2. SEPS Data Base Tape 

3. Working Tapes (or Fastrand) - unit "0" (not zero) must be assigned 
and another for JVMMPS timeline 

4. Tape for Dictionary and Interface 

Other units can be assigned tapes to obtain optional analysis. E.g., Unit 
for Plot Tape - to obtain time versus power plot. 
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TABLE 4-1 



OPTION CARD FORMAT 


CARD 



COL 


PURPOSE 

1 

> 0 

Execute Phase I 


= 0 or blank 

Do not execute Phase I 

2 

> 0 

Execute Phase II 


= 0 or blank 

Do not execute Phase II 

3 

> 0 

Plot on Printer 1 


= 0 or blank 

Do not plot on Printer 1 

4 

Not Used 

'f 

5 

> 0 

Use 3 point load data. 


= 0 or blank 

Do not use 3 point load data 

6-9 

Not Used 


10 

> 0 

Print each Phase II timepoint 


= 0 or blank 

Do not print each Phase II 

11 - 19 

Not Used 

Timepoint 

20 

> 0 

Execute Phase II COMUSE 


= 0 or blank 

Do not execute COMUSE 

,21 - 28 

Not Used 


29 

> 0 

Suppress analysis part 1 


= 0 or blank 

Do not suppress analysis part 1 

30 

> 0 

Execute Phase I COMUSE 


= 0 or blank 

Do not Execute Phase I COMUSE 

31 

> 0 

Print Out Input Components 


= 0 or blank 

No action taken 
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TABLE 4-1 CCONTINUED) 
OPTION CARD FORMAT 

CARD 

COL 

32 

> 0 

33 

= 0 or blank 
> 0 

34 

= 0 or blank 
> 0 

35 

= 0 or blank 
> 0 

36 

= 0 or blank 
> 0 

37 

= 0 or blank 
> 0 

38 

= 0 or blank 
> 0 

39 

= 0 or blank 
> 0 

40 

= 0 or blank 
> 0 

60 

= 0 or blank 
Not Used 


PURPOSE 

Print out input procedures 

Mo action taken 

Print out input activities 

No action taken 

Print out input timeline 

No action taken 

Suppress COMUSE component analysis 

Do not suppress COMUSE comp, analysis 

At the end of each mission phase 
Provide a Listing of all active 
components 

No action taken 

Mission Phase analysis 

No Mission Phase analysis 

Suppress cycled component listing 

Do not suppress cycled component 
listing , 

Suppress print of compacted 
dictionary 

Do not suppress compacted 
dictionary printout 

Suppress subsystem analysis at 
each time point 

Do not suppress subsystem analysis 
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CARD 

COL 

61-65 

66-70 

71-75 

76-79 

80 


TABLE 4-1 (CONTINUED) 
OPTION CARD FORMAT 


PURPOSE 


REAL NO. Dead Band Width, Atl, for Phase I. 

All Timeline events which occur 
within the Interval from t to t + 
Atl will be grouped together and be 
made to occur at Time = t. 

REAL NO. At2 - maximum allowable time step 

Phase II. (HR) 

INTEGER Phase II print control - print out 

will be provided at every Atp 
multiple of At2 

NOT USED 

INTEGER Print Control Flag JPRINT 

^ 1 Not Operative 
> 2 Print Initialization Data 
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TABLE 4-2 


UNITS CARD FORMAT 

COLUMNS 1 THROUGH 48 CONTAIN CERTAIN PROVISIONS TO DEFINE THE UNIT AND FILE FOR 12 DATA FILES. 
EACH DATA FILE REQUIRES FOUR COLUMNS. THE FIRST TWO ARE FOR THE UNIT NUMBER AND THE REMAINING 
TWO COLUMNS ARE FOR THE FILE NUMBER. 

t 

COLUMN 1-2 UNIT NUMBER FOR COMPONENTS 

COLUMN 3-4 FILE NUMBER FOR COMPONENTS 

COLUMN 5-6 UNIT NUMBER FOR PROCEDURES 

COLUMN 7-8 FILE NUMBER FOR PROCEDURES 

COLUMN 9-10 UNIT NUMBER FOR ACTIVITIES 

COLUMN 11-12 FILE NUMBER FOR ACTIVITIES 

COLUMN 13-14 UNIT NUMBER FOR TIMELINE 

COLUMN 15-16 FILE NUMBER FOR TIMELINE 

COLUMN 17-18 UNIT NUMBER FOR FIXED DATA 

COLUMN 19-20 FILE NUMBER FOR FIXED DATA 

COLUMN 21-22 NOT USED 

COLUMN 23-24 NOT USED 

COLUMN 25-26 NOT USED 

COLUMN 27-28 NOT USED 

COLUMN 29-30 UNIT NUMBER FOR INTERFACE PHASE I 

COLUMN 31-32 FILE NUMBER FOR INTERFACE PHASE I 



TABLE 4-2 (CONTINUED) 
UNITS CARD FORMAT 


COLUMNS 1 THROUGH 48 CONTAIN CERTAIN PROVISIONS TO DEFINE THE UNIT AND FILE FOR 12 DATA FILES. 
EACH DATA FILE REQUIRE FOUR COLUMNS. THE FIRST TWO ARE FOR THE UNIT NUMBER AND THE REMAINING 
TWO COLUMNS ARE FOR THE FILE NUMBER. 


COLUMN 

33-34 

UNIT 

NUMBER 

FOR 

PLOT PHASE I 


COLUMN 

35-36 

FILE 

NUMBER 

FOR 

PLOT PHASE I 


COLUMN 

37-38 

UNIT 

NUMBER 

FOR 

INTERFACE PHASE 

II 

COLUMN 

39-40 

FILE 

NUMBER 

FOR 

INTERFACE PHASE 

II 

COLUMN 

41-42 

UNIT 

NUMBER 

FOR 

PLOT PHASE II 


COLUMN 

43-44 

FILE 

NUMBER 

FOR 

PLOT PHASE II 


COLUMN 

45-46 

UNIT 

NUMBER 

FOR 

DICTIONARY 


COLUMN 

47-48 

FILE 

NUMBER 

FOR 

DICTIONARY 


COLUMN 

49-50 

UNIT 

NUMBER 

FOR 

CIRCUIT DEFINITION 

COLUMN 

51-52 

FILE 

NUMBER 

FOR 

CIRCUIT DEFINITION 

COLUMN 

53-54 

UNIT 

NUMBER 

FOR 

CONSTRAINTS 


COLUMN 

55-56 

FILE 

NUMBER 

FOR 

CONSTRAINTS 


COLUMN 

57-58 

UNIT 

NUMBER 

FOR 

SUBSYSTEM DEF 


COLUMN 

59-60 

FILE 

NUMBER 

FOR 

SUBSYSTEM DEF 


COLUMN 

61-62 

UNIT 

NUMBER 

FOR 

MISSION PHASES 


COLUMN 

63-64 

FILE 

NUMBER 

FOR 

MISSION PHASES 




TABLE 4-3 


ABORT CARD 


The format of the ABORT card 1s as follows: 


COLUMN PURPOSE 

1-10 BLANK 

11-20 ABORT TIME IN DECIMAL HOURS 


The time given is that at which the processing of 
timeline is to terminate. If this card is omitted, 
the abort time is set to 500 hours. 


73 

















4.2.2 ^ 

The execution of program CUR at the beginning of a SEPS run serves to 
load the PCF tape into core.j 

4.2.3 WLCCIT 

The execution of program WLCCIT is not a prerequisite to a SEPS execution. 
It is used only as a means of making changes to the SEPS data tape when 
necessary or when creating a new data tape. The changes are made file by file 
and in order as the files appear on the data tape. A new tape is made from 
input card files. Refer to Appendix G for a detailed explanation of WLCCIT. 

4.2.4 JVMMPS 

The execution of program JVMMPS creates a detailed mission timeline. It 
takes designated files from the data tape which contain timeline blocks 
(described in the timeline section) and puts them together in time sequence 
to form a mission timeline for Phase I analysis by SEPS. Refer to Appendix G 
for detailed explanation of JVMMPS. 

4.2.5 SEPS 

The first card following the "execute" card is an option card. The 
type of analysis performed and the output obtained depend on the "flags" set 
on this card. 

E.g., 1 in Col 1 - execute Phase I analysis 
1 in Col 30 “ execute COMUSE 

The option card format is presented in Table 4-1. 
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The next card encountered is a "units" card. This card tells the program 
which tape unit and which file contain the data required for Phase I analysis. 
Units card format is given in Table 4-2. 

The third card usually encountered is the mission abort card. It contains 
a single time at which the analysis must cease. 

Mission phase cards, if used, are next encountered. These phases 
correspond to "phases" obtained from Mission documentation. They contain the 
following information: 

1. Card identifier - "MM" 

2. Dead band width - if different from that on option card 

3. Mission Phase End - in decimal hours 

4. Mission Phase Title 

The card format is given in Table 4-4. The data also can be included on 
the data tape as a separate file. These data are then input thrpugh the "units" 
card. 

Appendices A, B, and C provide examples of Phase I run decks for 1) saving 
no output tapes, 2) using WLCCIT, and 3) saving interface and plot output tapes. 

4.3 DECK SETUP FOR PHASE II RUN AND PHASE I/PHASE II RUNS 

The deck setup shown in Figure 4-2 is used for all Phase II runs. The 
option and units cards direct the program in selecting the timeline mode (if 
interface tape is used or not used). The following subsections discuss the 
major building blocks of the deck setup and define what information is required 
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TABLE 4-4 

MISSION PHASE CARD{S) 

THE FORMAT OF THE MISSION PHASE CARDS IS AS FOLLOWS 

CARD COLUMN 

1-2 
3-5 
6-10 

11 - 20 ' 

21-56 

THE TIME IS GIVEN AT WHICH THIS MISSION PHASE IS TO END. THE CARDS MUST BE IN ' 
ASCENDING TIME ORDER. THIS GROUP OF CARDS MUST BE TERMINATED BY A CARD WITH 'EE' 
IN CARD COLUMNS 1-2. THE PURPOSE OF THESE CARDS IS TO SEPARATE THE TIMELINE INTO 
DEFINED MISSION PHASES AND IS UTILIZED IN THE DEVELOPMENT OF THE COMUSE ANALYSIS. 


PURPOSE 

MM DEFINE THIS CARD AS A MISSION PHASE CARD 

BLANK 

DEAD BAND WIDTH, Ati, PER THIS MISSION PHASE 
IF VALUE = 0 USE At] FROM OPTION CARD. 

MISSION PHASE END TIME IN DECIMAL HOURS. 

MISSION PHASE TITLE 




Is not required with 
a Phase I Interface 
Tape Timeline but can 
be used. 


COMPLETE DECK SETUP FOR PHASE I/PHASE II RUN 



TIMELINE 
DATA CARDS 


Is not required with a 
Phase I Interface Tape 
Timeline but can be used 


SECTION 4,3.5 


VARIABLE 
DATA CARDS 


ABORT 

CARD 


UNITS 

CARD 


OPTION 

CARD 


XQT SEPS 


SECTION 4.3.3 


WLCCIT 

OPERATION 


Optional - If any distribution circuit 
changes or additions are made 


SECTION 4.3.2 


CUR 

OPERATION 


SECTION 4,3.1 


TAPE 

ASSIGNMENT 

CARDS 


RUN CARD 


FIGURE 4-2 (CONTINUED) 

COMPLETE DECK SETUP FOR PHASE II OR PHASE II 
WITH PHASE I INTERFACE TAPE RUN 
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in each block to conduct an interface tape timeline run or a card deck timeline 
run. To incorporate both the interface tape and card deck timeline inputs to 
be used in one run the interface tape deck setup with appropriate information 
is used with only the addition of the card deck timeline input. 

4.3.1 Tape Assignments 

The first cards to appear in the deck after the run card are those which 
assign the tapes necessary for a Phase II execution to appropriate units. The 
tapes which must be assigned for PHase II without interface tape are: 

1 . PCF Tape 

2. SEPS Data Base Tape 

3. Working tape - unit "P" must be assigned to a work tape for 
Phase II 

The tapes which must be assigned for Phase II with interface tape are: 

1 . PCF Tape 

2. SEPS Data Tape 

3. Working Tape ~ unit "P" 

4. Interface Tape with compacted dictionary 

The tapes which must be assigned for Phase I/Phase II run are: 

1 . PCF Tape 

2. SEPS Data Tape 

3. Working Tape unit "P" for Phase II (could be Fastrand) 

4. Interface tape and compacted dictionary for Phase I output 

5. Working Tape - Unit "0" for Phase I (could be Fastrand) 

6. JVVMPS (if used) 

7. WLCCIT (if data changes are made to SEPS data tape) 

Other units can be assigned tapes to obtain optional analysis: 

1. Phase II interface tape (required for Phase II COMUSE) 

2. Plot tapes for Phase I and II 

3. Constraints data storage 
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Figure 4-3 shows an example listing of the tape assignment cards. 

4.3.2 m 

The execution of CUR serves to load the PCF tape into core. Figure' 4-3 
shows an example of the cards listing CUR, 

4.3.3 WLCCIT 

The execution of program WLCCIT is not a prerequisite to a SEPS 
execution. It is used as a means of making changes or additions to the SEPS 
data tape. The changes are made file by file and in order as the files appear 
on the data tape. See Figure 4-4 for explanation of WLCCIT input cards. 
Additional information concerning WLCCIT is contained in Appendix G. 

4.3.4 JVMHPS 

The execution of program OVMMPS creates a detailed mission timeline. 

It takes designated files from the data tape which contain timeline blocks 
(described in the timeline section) and puts them together in time sequence 
to form a mission timeline for Phase I analysis by SEPS. The cards for OVMMPS 
would only be required if Phase I is run for developing an interface tape 
timeline. Additional information concerning OVMMPS is contained in Appendix G. 

4.3.5 SEPS 

The first three cards following XQT SEPS are the options, units and 
abort cards which are discussed in Section 4.1 and 4.2. Examples of the cards 
used for a card timeline run are shown in Figure 4-1. The next group of 
cards are for fixed data changes and data Initialization. The data cards are 
discussed in Section 3.2 and example listing of the cards are shown in 
Figure 3-8. The final group of cards are the timeline cards. These cards are 
discussed in Section 3.3 and example listings of the cards are shown in 
Figure 3-10. 
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FIGURE 4-4 

BUILD NEW DATA FILE WITH CIRCUIT DESCRIPTION INPUT 



Card 1 : Execute FILDUP 

Card 2: Units Card A = Unit where data tape 

is located 

B = Unit where new change 
tape is located 

C = Is number of files to 
be copied on new tape, 
(new circuit will be 
stored in next file) 

Card 3: Execute WLCCIT 

Card 4: Units Card D = Card reader input with 

circuit description data 
on cards 

B = Unit where new change 
tape is located^ 

Card 5 — N: Circuit Description 

Cards Cards that define circuit 

Card N + 1: End of File Card 
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PROGRAM: 


CIFLIS 

PURPOSE: 

This program is used to list a given number of files from a 
card image tape. 

USER GUIDE: 

The input deck set-up consists of the execute card and a units card. 
The units card utilizes free field format, the first variable is the 
physical unit designation of where the tape is mounted and the second 
variable tells how many files are to be printed. 



PROGRAM: 

CMPDAT 

PURPOSE: 

This program is used to give a component and/or mission phase 
comparison of two interface tapes. 

USER GUIDE: 

The input deck set-up consists of the execute card, a units 
card, and a time frame definition card. Both the units card and the 
time frame definition card utilize fixed formats. 
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COMPARISON PROGRAM INPUT (CMPDAT) 


Unit Definition Card 
COLUMNS 


1-2 

Unit 

3-4 

File 

5-6 

Unit 

7-8 

File 

9-10 

Unit 

11-12 

File 

13-14 

Unit 

15-16 

File 

17-18 

Unit 

19-20 

File 

21^22 

Unit 

23-24 

File 

25-30 


31-40 


41-50 


51-60 


61-70 


71 



Time Frame Definition Card , 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 


PURPOSE 

Standard Interface 

f 

Comparison Interface 
Component Dictionary 
Compact Dictionary 
Subsystem Names 
Mission Phase Definitions 
B1 ank 

Standard Inverter Efficiency 
Comparison Inverter Efficiency 
Standard Line Loss 
Comparison Line Loss 
Mission Phase Analysis Flag 


Standard Analysis Start Time 
Standard Analysis End Time 
Standard Analysis Delta Shift 
Comparison Analysis Start Time 
Comparison Analysis End Time 
Comparison Analysis Delta Time 
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PROGRAM: 


CREDJR 

PURPOSE: 

This program is used to make changes to the component definition 
card image tape file. 

USER GUIDE: 

The input deck set-up consists of the execute card, a units 
card, and a set of component change cards. The units card utilizes 
free field format and contains, first the input physical unit designation 
and secondly the output physical unit designation. The component 
change cards utilize a fixed format, obviously the same format as the 
component definition cards. The user inputs the component number, 
mode, and the new information in its correct field location. Any 
change to a field changes the complete field, ii.e., it is not 
column or character replacement. 
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PROGRAM: 


FILDUP 

PURPOSE: 

This program is used to duplicate card image files. 

USER GUIDE: ' 

The input deck set-up consists of the execute card and a set of 
units cards. The units cards utilize free field format. The first 
variable is the input physical unit designation, the second is the 
output physical unit designation, and the third is the number of files 
to Be duplicated. 


G-5. 



PROGRAM: 


JVMMPS 

PURPOSE: 

This program is used to concatenate several timeline files 
together and to time order the resulting file. 

USER GUIDE: 

The input deck set-up consists of the execute card, a units card, 
and a set of file definition cards. The units card utilizes free 
field format and contains the physical unit designation of the output 
unit. The file definition cards utilize a fixed format: 


Column 

Purpose 

1-2 

Input physical unit designation 

3-4 

File number 

5-9 

Delta hours 

.10-11 

Delta minutes 

12-13 

Delta seconds 


The delta. times are used to shift the file times into the required 
time frame. 
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PROGRAM; 


NEWHLP 

PURPOSE; 

This program is used to construct a tape able to be plotted 
showing user designated component's time history of operation. 

USER GUIDE; 

The input deck set-up consists of the execute card, a units card, 
and a set of component cards. The units card utilizes free field 
format and consists of eight variables; 

1 Physical unit designation of the compact component dictionary 

2 File number 

3 Physical unit designation of the timeline 

4 File number 

5 Physical unit designation of the plot tape 

6 Print flag 

=^0 Print time history of component operation 
>0 Suppress print 

7 Analysis start time 

8 Analysis stop time 

The component cards utilize free field format and contain the 
component identification of the components to be analyzed. 


G-7 



PROGRAM: 

STLPLT 

PURPOSE: 

Generate CalComp plots Mission Phase I or Phase II Plot tapes. 
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\ 


MC 

CARDS 


1 SFT PER 
PLOT PER 
IIMF 
SEGMENT 



STLPLT CARD DECK SETUP 
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CARO 1 


STLPLT CARD 1 


(One Card Per Execution) 


COL 



JUSTIFICATION 

VARIABLE 

DESCRIPTION 

1-2 

r 

ITAPE 

Input tape unit 

3-4 

r 

IFIL 

' File no. 

5-7 

8-9 

r 

' ITIM 

I'/ord 'location of tiins 
Blank 

10-12 

r 

NWORDS 

Number of words per logical record 

13 

i 

14-15 

r 

PTYPE 

Type of paper form plot is to appear on 

A- 10 incli by up to 41 inches of blank vellum 

B- 10 inch by up to 41 inches of continuous grid 

C- 7 inch by 10 inch of grid 

D- 10 inch by 15 inch of grid 

If no choice is made STLPLT assumes form Type B is 
to be used. 

Blank 

16-20 

r 

ISFRQ 

Standard frequency of symbol appearance. 

* th . 

ISFRQ>0 symbol appearance every ISFRG point 

ISFRQ=0 symbol frequency of appearance every 
20^^ point 

ISFRQ<0 point plot is to be made 

21-44 

L 

STITL'E 

Standard message to appear on all plots 
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STLPLT CARD 2 


CARD 2 


(One Card Per Time Segment) 


COL 

JUSTIFICATION 

VARIABLE 

DESCRIPTION 

1-10 

r 

NP 

Number of plots this time segment 

11-20 

r 

I OPT 

Word location of the independent variable 

21-30 

r 

NREP* 

Number of first repeated time segment to be 
plotted 

31-40 

r 

MREP* 

Number of last repeated time segment to be 
plotted 

41-50 

r 

TSTART 

Starting time of segment to be plotted 

51-60 

r 

TEND 

Ending time of segment to be plotted 

61-70 

r 

BIAS 

X-axTS bias factor 

71-80 

r 

XO 

Time to appear as start of the X-axis 



* If 

this option is not used, this value may be omitted 


CARD 3 


(One Card Per Plot) 

JUSTIFICATION VARIABLE 



STLPLT CARD 3 


DESCRIPTION 

1 

Number of traces this plot 
X-axis scale delta factor per inch 
Plot title 








CTJ 

I 


CO 


Card 4 


(One Per Plot) 


STLPLT CARO 4 


JUSTIFICATION 


I- 5 
6-10 

II- 70 


VARIABLE 


IC 

IFRQ 

XTITLE 


DESCP.iPTICiH 


Flag used, if value is nonzero, to override 
internal X-axis title 

Symbol appearance frequency this plot if this 
value is zero standard frequency is used 

X-axis title, if IC has a nonzero value this 
variable is used as the X-axis title 
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CARD 5 


(One Card Per Trace) 


STLPLT CARD 5 


COL 

1 

. JUSTIFICATIOM 

VARIABLE 

DESCRIPTION 

• 

> 1-36 

L 

YTITLE 

Y-axis title this 'trace 


37-38 


■ 

Blank 


39-40 

r 

ITTLSL 

Y-axis title and scale suppress 





ITTLSL = 0 no suppress 

= 1 suppress scale only 
= 2 suppress both scale and title 


41-45 

• r 

NVAR 

1 * , 
Index of the variable to be plotted this trace 


46-50 

r 

■NSTEP 

Step function flag for this trace 



' 


Value<0 indicates continuous trace 
Value_>0 indicates step function trace 


51-60 

r ' 

YO 

Y-axis scale initial point 


. 61-70 

r 

DY 

Y-axis delta factor per inch 





. For any negative or zero values the program 
will compute a Y-axis scale 

■ 






PROGRAM: 

WLCCIT 

PURPOSE: 

This program is used to create or alter a card image tape file, as 
a by product the file is listed and each entry is numbered. 
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WLCCIT 


Card 1 
Card 2 

Card 3 
“X, Y 

-X, 



Execution Card 

Units Card Col. 1-2: 

Col. 3: 
Col. 4-5: 


N-2: Changes - Card 3: 

Card for Line 
Change and/or 
data insertion 

Card for data 
insertion onl^' 


Unit where old tape to 
be changed is located or 
card reader unit 
Comma 

Unit where new or changed 
tape is located 

Line # where change is 
to be made and/or after 
which new data is to be 
inserted. (Line # not 
required when making new 
tape from cards) 
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Card 4 N-1: New or Changed Data 


Card N : -ENDEND 

WLCCIT is the machine equivalent to physically removing data cards 
and replacing these cards with new data or simply adding new data. 

Change Card E.g.'s: 

To delete data: 

Card 4: - 10, 15 : Starting with 

Line 10, delete 
all information 
up to & including 
Line 15 

To delete data and add data: 

Card 4: - 10, 15 Followed by data 

to be inserted. 
Deletes lines 
10 15 inclusive 

and inserts new 
data. 

To add data: 

Card 4: - 10, Followed by data 

cards . 

Inserts new data 
after line addressed 
on Card 1. 
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